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(71) I, James Martial Lapeyke, a 
citizen of the United States of America, 
residing at 13 Richmond Place, New 
Orleans, Louisiana, 70150, United States of 
America, do hereby declare the invention, 
for which I pray that a patent may be 
granted to me, and the method by which it 
is to be performed, to be particularly des- 
cribed in and by the following statement: — 

The present invention relates to an appar- 
atus for a position determining system, and 
has for an object more particularly a system 
and apparatus for using electromagnetic 
radiation beams, of micro and higher fre- 
quencies, to determine a position relative 
to a reference point. 

A number of systems are known for locat- 
ing, either in distance, azimuth, or both, a 
position relative to another position or refer- 
ence point. Typically, some such systems 
propose to determine azimuth by placing, at 
the reference point, a radio beacon from 
which a single directional beam of energy 
is rotated azimuthally at a constant rate, the 
rotation of the beam being timed from a 
reference direction. Because directional 
beams have some divergence, the beam angle 
has been a source of error, and considerable 
ingenuity has been devoted to determina- 
tion of the location of the beam center. 
Other systems propose to determine distance 
by using a pair of spaced receiving antennae 
through which the directional beam sequen- 
tially sweeps in rotation. The distance of 
the antennae from the reference point is 
then a function of the interval between the 
times of reception of the beam at the respec- 
tive antennae. Large spacing between the 
antennae, or highly sensitive detectors, or 
both, are, therefore, indicated for use in this 
latter system. And, particularly, in such a 
system the measurement of distance is com- 
plicated by the need to adjust for changes 
in the angle between the line joining the 
antennae and the beam received by the 
antennae. 



An object of the present invention is to 
overcome these and other difficulties by pro- 
viding an improved position loacting system 
and apparatus. 

According to one aspect of this invention 
there is provided in a poistion determining 
system first means for providing a pair of 
directional beams of electromagnetic (as 
hereinbefore defined) energy said beams 
being transmitted from points adjacent and 
laterally spaced from one another such that 
a given portion of one beam and a given 
portion of the other beam are substantially 
parallel to one another and second means 
for rotating said first means about a point 
centrally disposed between said beams at 
a substantially fixed angular velocity in a 
plane substantially common to both parallel 
portions of said beams. 

According to another aspect of this in- 
vention there is provided a system including 
apparatus as last referred to for determining 
at least the distance of a first position from 
a reference position, and wherein the first 
means is disposed at said reference position 
and said beams are spaced from one another 
such that a given edge of one beam and a 
given edge of the other beam are substan- 
tially parallel to one another, said edges 
being a pair selected from the pair of edges 
which are most adjacent and the pair of 
edges which are most remote; and including 
receiver means sensitive to said energy and 
disposed at said first position for providing 
signals responsively to respective changes in 
received energy occurring upon rotation of 
said edges through said first position; and 
means for timing an interval between signals 
from said receiver means. 

For a fuller understanding of the nature 
and objects of the present invention, refer- 
ence should be had to the following detailed 
description taken in connection with the 
accompanying drawings wherein: 

Figure 1 is a block schematic diagram of 
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a position locating system in accordance 
with the present invention; and 

Figure 2 is a plot, on a common time 
axis, of a number of exemplary wave forms 
5 occurring at selected points in the embodi- 
ment of Figure 1 during operation thereof. 

Referring to Figure 1 of the drawing there 
is shown broadcast means, located within 
the broken line and identified by the refer- 
10 ence numeral 20, disposed at or about a 
reference position or point, for example at 
22. Broadcast means 20 include first trans- 
mitter 24 for providing a pair of directional 
beams 26 and 28 of electromagnetic energy. 
15 For the purposes of the present invention it 
is desirable that beams 26 and 28 be highly 
directional. Low-divergence, highly direc- 
tional beams are readily obtainable at micro- 
wave and higher frequencies, i.e. from about 

20 one kilomegacycle per second up. 

Of course, the higher the frequencies, the 
less cumbersome is the antenna array re- 
quired to achieve high directionality. Thus, 
in the preferred embodiment transmitter 24 

25 is in the form of maser 30, and known beam 
splitting means 32. The term "maser" is 
intended to include devices in which 
generation and amplification of electro- 
magnetic waves at frequencies from the 

30 microwave region through infra-red, visible 
and ultra violet, occurs by stimulated emis- 
sion of radiation. 

Beam splitter 32 is mounted with respect 
to transmitter 30 so as to divide the single 

35 beam output of transmitter 30 into the two 
beams, 26 and 28, each of which can ex- 
hibit internal divergence of but a few ten 
arcseconds where transmitter 30 is a maser. 
Beam splitter 32 is so adjusted that one 

40 edge of beam 26 is substantially parallel to 
an edge of beam 28, these edges being a pair 
of edges selected from that pair which are 
most nearly adjacent one another and the 
pair of edges most remote from one another, 

45 or to any portion of the beam therebetween 
so long as parallelism is preserved between 
the same portion of each of the two beams. 
In the preferred embodiment, it will be 
seen that beam splitter 32 is adjusted so 

50 that the most adjacent edges 33 and 34 re- 
spectively of beams 26 and 28 are substan- 
tially equidistance from one another by a 
distance, d. 

Typically, beam splitter 32 can be any- 

55 one of a number of known devices, such as 
a knife edge prism and two plane mirrors 
adjustable for setting selected edges 33 and 
34 of the beams in the requisite parallelism. 
Beams 26 and 28 are preferably continu- 

60 ously radiated, or, if intermittent as is the 
output of number of masers, are of a pre- 
determined pulse repetition rate, f„ which 
of course is a number of orders of magnitude 
lower than the fundamental frequency of the 

65 beam energy. 



As means for moving the two beams in 
rotation about a common center at a sub- 
stantially constant angular velocity, while 
maintaining the requisite parallelism be- 
tween selected beam edges, the apparatus 70 
includes ro ratable apparatus such as turn- 
table 35, or the like, upon which the maser 
and beam splitter are mounted such that 
both beams 26 and 28 can be simultaneously 
rotated in azimuth about a position of ref- 75 
erence such as 22. Preferably, beam splitter 
32 is so located that the edge of one of 
the beams, for example edge 34 of beam 
28, lies on the centre of rotation of turn- 
table 35, and for the sake of convenience, 80 
that center of rotation is coincident with 
reference point 22. Means, shown only 
schematically at 36, such as constant speed 
motor and appropriate gears of accurate 
structure, are provided for rotating the 85 
turntable at a substantially constant angular 
velocity, a. 

Broadcast means 20 also includes second 
transmitter 37 which is intended to provide 
an omnidirectional pulse broadcast of 90 
electromagnetic energy. Output of trans- 
mitter 37 is to be pulsed upon coincidence 
of the beam edge 34 with an arbitrary pre- 
determined reference direction radially ex- 
tending from reference point 22 and indi- 95 
cated by dotted line 38. Of course, it is 
to be understood that term "coincidence" 
also includes configurations in which edge 
34 lies substantially parallel to and extends 
in the same direction as line 38, as would 100 
occur where the common center of rota- 
tion of the two beams is not colinear with 
edge 34. To affect such pulsing of the 
output of transmitter 37, there is provided, 
in the embodiment shown, a simple switch 105 
mechanism including grounded movable 
contact 40 mounted at a predetermined posi- 
tion on turntable 35 for rotation therewith, 
and stationary contact 42 connected to trans- 
mitter 37, the latter being grounded. Con- 110 
tacts 40 and 42 are so located relative to 
one another as to be in contact and thereby 
complete a circuit for initiating transmission 
from transmitter 37 only when edge 34 is in 
coincidence with the reference direction line 115 
38. Alternatively, to effect pulsing other 
means can be employed, such as a lamp 
and photocell arrangement or the like. 

At the position, the distance or azimuth 
or both of which it is desired to measure 120 
respectively from reference point 22 and 
from reference direction line 38, there is 
disposed receiver means, shown enclosed 
within the broken line indicated by the ref- 
erence numeral 44. Generally, receiver 44 125 
includes detector 46, sensitive or tuned to 
the fundamental frequencies of both beams 
26 and 28. 

Thus, upon rotation of turntable 35 at 
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substantially constant angular velocity a, 

energy is received every seconds in 

a 

sequence first from beam 28 and then from 
beam 26, assuming that the turntable rota- 

5 tion is counterclockwise viewing Figure 1. 
To have a location determination of the 
position it is obvious that detector 46 must 
be within the geometric confines of the 
sweep of the azimuthally rotating beams 28 

10 and 26. 

The duration of the interval, t, the time 
interval between the first or initial wave and 
the beginning of the second wave, depends 
upon the distance, R, from the reference 

15 point 22 to detector 46, the peripheral 
velocity of beams 26 and 28 at distance R 

being Ra. 

d d 
Thus, t= or R= — 

Ra ta 

When transmitter 24 includes a maser 

20 operating in the visible spectrum, detector 
46 can include a photomultiplier or the like. 
The output of detector 46, responsively to 
the sweep or rotation of the two beams, is 
shown in Figure 2A typically as a pair of 

25 sinusoid-type waves. Each wave of Figure 
2A however, has a duration deterrnined by 
the time required for a corresponding one 
of beams 26 and 28 to rotate or sweep 
through the position of detector 46, the end 

30 of the first or initial wave and the beginning 
of the second wave being separated by time 
interval t. The end of the first wave and 
the beginning of the second are representa- 
tive of edges 34 and 33 respectively, but are 

35 usually gradual transitions. In order to de- 
termine more sharply signals representative 
of edges 34 and 33, the output of detector 
46 is connected to shaper 48 which con- 
verts, in known manner, a sinusoid-type 

40 input wave into a rectangular wave output 
as shown in Figure 2B. This rectangular 
wave is characterized in having abrupt lead- 
ing and trailing edges (i.e. negative and posi- 
tive going transitions) and a duration very 

45 accurately related to, as for example being 
substantially equal to, the duration of the 
input sinusoid as deterrnined by clipping the 
sinusoid at a predetemnned amplitude 
(shown as a broken line in Figure 2A) set 

50 well above the average noise level for the 
detector output. 

In order to derive, from the rectangular 
wave output of shaper 48 a signal which 
will detennine t, the output of shaper 48 

55 is connected to means, such as differenti- 



ator 50, providing an output (shown as 
Figure 2C) of sharp pulses located in time 
corresponding to and having the same re- 
spective polarity as the negative and posi- 
tive going transitions of the rectangular wave 60 
forms of Figure 2B. These sharp pulses are 
separated according to their polarities as in 
separator 52 connected to the output of 
differentiator 50. Separator 52 typically can 
include unilateral conductive devices, such 65 
as diodes of appropriate type, which will 
pass only signals of a predetermined pol- 
arity. Thus, the output of separator 52 is in 
the form of two distinct and separate wave 
trains shown in Figures 2D and 2E each 70 
having a number of timed sharp pulses or 
spikes of a given polarity. 

To the output of separator 52 having a 
wave train of a first polarity, for example 
the train of poistive-going spikes of Figure 75 
2D, there is connected the common input 
of a bistable device such as an Eccles- 
Jordan type of circuit or flip-flop 54. Char- 
acteristically, flip-flop 54 changes its output 
state each time it is triggered at its common 80 
input terminal by a spike of the wave train 
of Figure 2D. Thus, assuming the output 
of flip-flop 54 to be initially at a first or 
ground state, the first positive-going spike 
(corresponding in time to the beginning of 85 
reception by detector 46 of beam 28) will 
trigger flip-flop 54. The output of the latter 
then changes abruptly to a second state in 
which it will remain until the next positive- 
going spike (corresponding in time to the 90 
reception by detector 46 of edge 33 of beam 
26). The latter spike will trigger the com- 
mon input of flip-flop 54 so that the flip-flop 
output reverts abruptly to the ground state. 
The output waveform of flip-flop 54 is 95 
shown in Figure 2F. 

Similarly, the output of separator 52 
having a wave-train of opposite polarity, 
e.g. the train of Figure 2E, is connected to 
another flip-flop 56, which will provide a 100 
substantially rectangular signal, as shown in 
Figure 2G, having a duration substantially 
equal to the time from the reception by 
detector 46 of edge 34 of beam 28 to the 
end of reception of beam 26. 105 

The circuit shown in Figure 1 includes 
means for combining the waveforms of the 
two flip-flops 54 and 56 so as to provide 
an output wave form corresponding to the 
time period when the outputs of both flip- 110 
flops are in their second states. To this end, 
the output of flip-flop 54 is coupled to one 
input terminal of a two input terminal co- 
incidence or AND gate 58. The output of 
flip-flop 56 in turn is coupled to the other 115 
input terminal of gate 58. Because gate 58 
is enabled to provide a signal at its output 
only when signals representing the second 
states of the flip-flops are simultaneously 
present at the input terminals of the gate, 120 
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the gate output, as shown in Figure 2H, is 
a sharp rectangular wave form whose dura- 
tion is almost exactly equal to time, t 
The output of gate 58 is connected to 
5 one input of similar AND gate 60. The 
other input terminal of gate 60 is connected 
to the output of precision pulse oscillator 
or digital clock 62. Thus, gate 60 when 
enabled by the output of gate 58 for time, 
10 t, will permit a steady supply of pulses from 
clock 62 to enter a digital counter-and- 
display device 64 connected to the output 
of gate 60. The count displayed on device 
64 will have a magnitude related to R 
15 according to the equation hereinbefore 
noted, and device 64 is preferably so cali- 
brated by choice of clock frequency. As 
means for returning the count displayed on 
device 64 to zero once per revolution of 
20 turntable 35, the output of, for example, 
flip-flop 54, is connected to the input of 
device 65. The latter includes means for 
differentiating the output waveform of flip- 
flop 54, and for separating the resulting 
25 pulses so as to obtain only that pulse or 
spike, such as is shown in Figure 2J, repre- 
senting the initial moment of reception of 
beam 28. The output of device 65 is con- 
nected to a reset terminal of counter and 
30 display device 64; consequently, each out- 
put spike from device 65 resets the count in 
device 64 to zero and permits the counting 
operation to proceed from zero according 
to the timing of the output of gate 60. 
35 Receiver means 44 also comprises second 
detector 66 which is sensitive to or tuned to 
the output frequency of transmitter 37. This 
latter frequency is preferably quite distinct 
from the frequency of the output trans- 
40 mitter 24. Radiated pulses from transmit- 
ter 37, synchronized with the positioning of 
turntable 35, are received by detector 66, 
and initiate operation of means for measur- 
ing the time interval occurring between a 
45 pulse from transmitter 37 and the reception 
by detector 46 of the transmission from 
transmitter 24, specifically edge 34. Such a 
timing means comprises flip-flop 68 having 
a pair of triggering input terminals, one of 
50 which is connected to the output of detector 
66. The latter can be considered to include 
any demodulation, shaping and amplifying 
means desired to provide the form of input 
signal to the appropriate terminal of flip- 
55 flop 68. 

One output of flip-flop 68 is connected 
to one of two input terminals of coincidence 
or AND gate 70, the other of the input 
terminals of gate 70 being connected to a 
60 source, such as clock 72, of precision timed 
digital pulses. The output of gate 70 is 
connected to an input counting terminal of 
counter-and- display device 74. The other 
triggering input terminal of flip-flop 68 is 
65 connected to a source of signals indicating 



that detector 46 is receiving beam energy. 
Thus, flip-flop 68 can be connected directly 
to the output of detector 46 (as shown in 
dotted line). However, for optimum accur- 
acy in measurement, it is preferred to pro- 70 
vide means, such as device 76, connected to 
the output of flip-flop 56 for differentiating 
the waveform shown in Figure 2G, and for 
separating the pulses indicative of the recep- 
tion of edge 34 by detector 46. Device 76 75 
is connected to the other triggering input 
terminal of flip-flop 68 as to constitute a 
source of pulse signals corresponding in 
time to passage of edge 34 through the posi- 
tion of receiver means 44. 80 

Flip-flop 68 can be assumed initially to 
be in an output state at a first level which 
controls gate 70 so that the latter cannot 
pass any pulses from clock 72. The pulse 
output of detector 66 triggers flip-flop 68 to 85 
change its output state to a second level 
which enables or opens gate 70 and allows 
clock pulses to be tallied on device 74. For 

a value of a of 2tt radians per second, for 90 
example, a convenient output repetition rate 
for clock 72 is 36,000 pulses per second, 
since each pulse is then equivalent to 0.01° 
of angular rotation of turntable 35. Dis- 
play device 74 is preferably calibrated 95 
accordingly. Typically, both display de- 
vices 64 and 74 may conveniently comprise 
five decade decimal counters using ionizable 
gas-filled tubes for display purposes. A 
number of such devices are readily obtain- 100 
able commercially and need not be further 
described here. 

Gate 70 will continue to pass clock pulses 
to device 74 until finally disabled by the 
application of a disabling signal thereto, as 105 
for example, the reversion of the output 
state of flip-flop 68 to its first level. This 
occurs responsively to triggering of the flip- 
flop by the output of device 76 as edge 34 
passes through the position of the receiver 110 
means. For the remainder of the rotation 
of turntable 35, the display and counter de- 
vice 74 remains inactive; this period con- 
veniently allows examination of the display 
to obtain a visual reading. 115 

It is desirable to reset device 74 to a 
zero reading to permit renewal of the count- 
ing operation upon the next revolution of 
the turntable. To this end, display device 
74 preferably is of the type capable of being 120 
erased or reset as by momentary interrup- 
tion of its power supply, and such interrup- 
tion is triggered by a signal from flip-flop 
68 through a connection to a reset terminal 
of device 74. 125 

In order to overcome statistical variances 
in the indicated count in device 74, it may 
be desirable to make observations of azi- 
muth over several revolutions of transmitter 
24 and average the results. 130 
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WHAT I CLAIM IS: — 

1. In a position determining system first 
means for providing a pair of directional 
beams of electromagnetic (as hereinbefore 

5 defined) energy said beams being transmitted 
from points adjacent and laterally spaced 
from one another such that a given portion 
of one beam and a given portion of the 
other beam are substantially parallel to one 

10 another and second means for rotating said 
first means about a point centrally disposed 
between said beams at a substantially fixed 
angular velocity in a plane substantially 
common to both parallel portions of said 

15 beams. 

2. Apparatus as claimed in claim 1. 
including means for providing during rota- 
tion of said first means an omnidirectional 
pulse of radiation at coincidence of a pre- 

20 determined one of said portions of one of 
said beams with an arbitrary reference direc- 
tion in said place radial from said point. 

3. Apparatus as claimed in claim 2, 
including switch means connecting said 

25 means for rotating said first means and said 
means for providing an o mni directional 
broadcast upon coincidence of a predeter- 
mined one of said portions of one of said 
beams which is substantially parallel to the 

30 given portion of the other beam with an 
arbitrary reference direction radial from 
said point in said pulse so as to initiate said 
pulse. 

4. Apparatus as claimed in any one of 
35 claims 1 to 3, wherein said beams are 

spaced from one another such that a given 
edge of one beam and a given edge of the 
other beam are substantially parallel to one 
another, said edges being a pair selected 
40 from the pair of edges which are most ad- 
jacent and the pair of edges which are most 
remote. 

5. Apparatus as claimed in any one of 
claims 1 to 4, wherein said first means com- 

45 prises means for transmitting radiation at 
frequencies above one kilomegacycle per 
second. 

6. Apparatus as claimed in any one of 
claims 1 to 5 wherein said first means com- 

50 prises an oscillator in which wave amplifica- 
tion is achieved through stimulated emission 
of radiation. 

7. Apparatus as claimed in any one of 
claims 1 to 6 wherein both beams are de- 

55 rived from a single oscillator. 

8. A system including the apparatus as 
claimed in any one of claims 1 to 7 for 
determining at least the distance of a first 
position from a reference position, and 

60 wherein the first means is disposed at said 
reference position and said beams are 
spaced from one another such that a given 
edge of one beam and a given edge of the 
other beam are substantially parallel to one 

65 another, said edges being a pair selected 



from the pair of edges which are most 
adjacent and the pair of edges which are 
most remote; and including receiver means 
sensitive to said energy and disposed at said 
first position for providing signals respon- 70 
sively to respective changes in received 
energy occurring upon rotation of said edges 
through said first position; and means for 
timing an interval between signals from 
said receiver means. 75 

9. A system as claimed in claim 8, in- 
cluding means for indicating said distance as 
determined according to said interval. 

10. A system as claimed in claim 8 or 

9, including means for deternuning the azi- 80 
muth of said first position relative to a 
radial reference direction from said refer- 
ence position and comprising: means pro- 
viding an omnidirectional broadcast of radi- 
ation pulsed at coincidence of a pre- 85 
determined one of said edges with said 
reference direction; and means responsive 
to said omnidirectional broadcast and the 
change in radiant energy received upon rota- 
tion of said one of said edges through said 90 
first position for timing the rotation of said 
one edge from said reference direction. 

11. A system as claimed in claim 10, 
including a first receiver for providing a 
first and second discrete signal responsively 95 
to changes in received energy occurring 
upon rotation of said respective edges 
through said first position; a second re- 
ceiver responsive to said pulsed broadcast 

for providing a third discrete signal; bi- 100 
stable means coupled to said receivers so as 
to be triggered by one of the first and second 
discrete signals corresponding to the received 
energy change due to rotation of said one 
edge through said first position and by the 105 
third discrete signal, for providing an out- 
put signal having a duration detennined by 
an interval "between the discrete signals re- 
spectively applied thereto, a clock pulse 
generator; gate means coupled to said gen- 110 
erator and enabled by the output signal 
from said bistable means so as to pass 
pulses from said generator; and a digital 
counter for counting the pulses passed by 
said g^te means. 115 

12. A system as claimed in claim 10, 
including detector means disposed at said 
first position and being responsive to said 
energy for providing a first signal having a 
duration corresponding to the time of rota- 120 
tion on one of said beams through said first 
postion and a subsequent signal having a 
duration corresponding to the time of rota- 
tion of the other of said beams through said 
first position, said signals being spaced from 125 
one another by an interval corresponding to 

the time of rotational transit of said edges 
through said position; means providing third 
and fourth signals each of substantially rect- 
angular waveform of duration correspond- 130 
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ing respectively to said first and second 
signals and being spaced in time according 
to said interval; means providing a fifth and 
sixth signals having durations, respectively 
5 established by the time spacing between the 
leading edges of said third and fourth sig- 
nals and by the time spacing between the 
trailing edges of said third and fourth sig- 
nals; means providing a seventh signal 

10 having a duration established by those por- 
tions of said fifth and sixth signals which 
coincide in time; a clock pulse generator; 
and gate means connected to said gener- 
ator and being enabled by said seventh 

15 signal to pass pulses from said generator 



for only the duration of said seventh signal. 

14. A system as claimed in claim 8 
wherein said receiver means includes a single 
antenna. 

15. Apparatus according to claim 1 sub- 20 
stantially as herein described with reference 

to the accompanying drawings. 

16. A system according to claim 8, sub- 
stantially as herein described with reference 

to the accompanying drawings. 25 

MARKS & CLERK, 
Chartered Patent Agents, 
Agents for the Applicants. 
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